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CHABILCmtdBTICS OP BOMB LOV-mM} AIHrOILS 
Hlltoxi Savldflon and Harold B. Tiunar, J^* 

9!he effect of vazlatloxis In the type of mean line on the 
section oharacterlstlce of eereral repreaentatlre NAGA lov-dree 
alrfolld Iraa Investigated t TBob test reeulta are oonqpared vlth 
theoretical predictions and indicate trends that facilitate the 
choice of mean line in the absence of tests* 

BPEROIOCTiaif 



Xhe ving desi^ier^ vith a vaxletr of mean Unas at his disposal, 
is ccnf rented with the probleni of choosing the proper mean line for 
a particular airfoil application • As an aid in the proper selection 
of mean lines, tests have heen made In the BACA two-dlineasional lov- 
tuxfmlence pressure tunnel of some SAGA loir*-drag airfoils to observe 
the effects of varying the mean line of airfoils of the same family. 
The rolatlve advantages to he gained by the use of loading of one 
type in preference to another are discussed, and experimental teHt 
data ar-d theoretlcnlly calculated values for the airfoils tested an 
given to Indicate the limitations of the theoz7« 



TEST MDHHOIB^ 



Ih oz'der to obtain a representative test group of airfoils, 
meniberB of the KAGA 63 -series, NAGA 6^-serles, and HAGA 66-series 

lAt the time this paper vas originally published, some of the 
corrections req,ulred for correcting the test data to free-air conditions 
had not been determined. The measured values of section lift coeffi- 
cient oi (figs • 1 to 11, figs • 13 and I3) should be corrected by 
the f ollovlng equation 

°»(coweeted) " * 

The measured section angles of sero lift (fig. 18) viU therefore be 
silently different after the aforementioned correction is applied 
to the lift data. 
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familiea wpre aeleoted. Alzfolle vlth IdenticeCL ])aslc thickness forms 
vore canfbered (see reference i)- for tbe' sane deelga lift vltb tbe 
malform-lpad mean 3.1ne, that Is^ vlt}i a » ItO^ and vlth mean lines 
other than a a i«o;' Airfoils of the RACA 6^*-series vere chosen to 
give a camber and a thiclmeaB Tazlatloa • 

All the airfoils, constructed as described in reference 1, 
vere 21^-lnch-ohord nodels and vere tested in the smooth condltlcn 

at BeTnolds nuiabers of approximately 6 x 10 and 9 x 10 j tlia 
models of thicloiess equal to or greater than l8 percent of the 
chprd Co»l8c} vere also tested vith a standard roughness aprplled 
to the leading edge (see reference S) at -.a Beynolds nuiriber of 

approixlmatelj 6 x 10 Lift a4d drag values vere o'btained farom 
tunriel-'vall and valce-eurve7 pressure measuremsnts, and pitching- 
moment values 'vere obtained from a balance (reference 1; • 

Average tunnel constants for these tests are 
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HBSOLTS 



Eoutlne-test results giving section characteristics for airfoils 
tested in a smooth condition are presented in figures 1 to 7* The 
results are given In standard chart form, vith two airfoils to each 
chart-, for the foUovlnB alrfoilo: 

NACA 63,h-k^^ a B 1.0 

NACA a = 0.3 

NACA 653-1^15, a = 1.0 

MACA 653-U5, a « 0.5 

haca 6^-1(18, - a e 1.0 
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KA.aA 66s-418., a..<>-'0.6, 

B&ai .654-431, .a! » .i.O '^■ . . 

SlOi, 6&4-^31, a, » 0.6 ... . ' - 

SAOA 65.3-418. a « l.p . - 

VkOJL 65,3-418. a 9 0.8 ' 

\ 5AGA «.a,S*.618^ a B 1.0 

BAGiL 69^-^618, a i-.O^Q.. - • 

66|2-*316,ra=Bs 1^0 

HAAA b'6,}3-316, a^a 0^6 

Charts of the airfoils with a -standard, roughness are 
given in figures 8 to' Hi the lift and drag character let ice 
az:e presented In th^se charts for all of the af or e— ment loned 
airfoils, 0«18o thiok or thicker, vith the exception pf the 
BACA 66,8-418, a « 1.0 and the 5A0A 66, 3-^418 » a » 0.8 alr- 
foll8» The character let loB for the corresponding smooth 
airfoil with aa = 1*0 are also shown on each chart for com- 
parison* 

Measured values and theoretical mean— line values of 
an^le of zero lift, design section lift coefficient p and 
section pltching^iiioment coefficient are given in figures 
13 to 14t respect i.vel7» Xhe theoretical mean— line valiL-es 
have heen computed hy using the values an^d methods of ref- 
erences 1 and 3« 

figure 16 shows the variation of design section lift 
coefficient and section pit chlng— moment coefficient yfi^h 
airfoil thickness for -several airfoils of the BAGA 65*^ 
serie.B. Xhe results given were o'btalnod from tunnel meas- 
urements; from mean— line (thin— airfoil— theory) calculations; 
from integration of the comhined theoretical presstire dla-v 
trihutions due to haaio form thickness and to camher 

8 = ± (see reference l); and from a Sheodoreen 

calculation (see reference 4) on the BACA 663 -418, a ts 1^0 
airfoil. Xhe symhols in the-' formula for S are defined as 



6 presBure ooefflelent 

▼ Telocity on eurface of basic thlcknese form 

T free— stream velocity 

Lm velocity increment due to mean-line load dlstri— 
"but ion ^ ■ ... 

Discuss ICH 

Section Characteristics Applicable to Vlng 968l£n 



Aer odynamlcally 9 vlng design usually consists of the 
selection of suitable root aQd tip airfoil sections* The 
selection of suitable root an4 tip sections Involves the 
propor choice of noan line; hence . the aer odynamlcis t must 
evaluate available nean— line data. She advantages of ohoos^ 
Ing one mean line in preference to another for a particular 
application can bt^st bo shown by the effects of different 
mean lines on the airfoil section characteristics* The most 
Important of these character is tics qre 

anfle of ;;ero lift 

slope of section lift curve , por degreo 

optimum lift coefficient, or section lift coef- 
ficient selected as middle of lev— drag range 

maximum sectlozi lift coefficient 

angular rango corresponding to differonco between 
angle of attack at ci^^ and at c} » 0 

minimum section profile-drag coefficient 



extent of minimum section prof lie— drag coefficient 

section pit ching— moment coefficient about soctlon 
quarter— chor d point 



*»0 



c • 
•max 



cj—rango 



mln 



Election critical speed 
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Seleqt Ion ,of Ifdau Xtlnea -.. 

B&ferenoe !« 'vhlch present b mean lines with values 
of a ranging from 0«8 to 1»0., reoomiaends tliat a yalue 
of 4 te selected vhlch Is' eqiiial to or greater than the 
extent of .the falling pressure for the associated hasib' 
thlql:ne»s form. ^ large variety of loadings aar he oh-- 
talned "by conhinatlons of the varic^ue aean. lines ; bovaver « 
the present paper is o^^ncerned with only the values of a' 
as r ecomiaended in reference !• 

Vhen, the loading of an airf oil is changed » the Inher-^ 
'ent character istioB of the haslc thickness form may- he re-^ 
talned and yet the airfoil section characteristics may he 
groatly varied* Tor example, hy employing one type of. cam-* 
her in preference to another « a higher section critical 
speed, a higher maximum section lift coefficient, and a 
higher section pit chlng«nmpiaent coefficient may he obtained 
without any change in section minimum pr of lle-^drag coeffl-- 
cj.ont« 

The trend of section .characteristics can he shown 
partly hy theory and partly hy gonoralizat lone from test 
refiultSf Zhln-ralrf oil theory indicates that a higher 
critical speed, a greater section pltchlng^moment coeffi- 
cient , and a lower valuo'of section angle of .zoro lift are 
obtained as the mean line progresses in the diroctlDn from 
a 0.3 to as 1.0; howevor , indications of what happens 
to the laaximum section lift coefficient must he obtained 
from test results 

lest results giving the section character istlcs of 
airfoils with a uniform— load meai^ line and-airfoila with 
loadings other than a «- 1.0 are presented, in figures 1 

. to ll* She charts for the airfoils in the smooth o'on«-* 
dlti'on (figs* 1 to 7) indicate a higher <^l2aax* ^ greater 
a^, and a narrower oi-range for the airfoils with, a s 1«0 

-than- with a < l.Of She plots of o^ against . c; show no 

significant difference in o^ altjaough, at the higher 

"mill 

values of 0%^ the drag is considerably less for the air- 
foil with a B 1.0 than with other mean—line loadings # It 
is noted that the CdQ-range for the airfoils with a .< 1«0 

shifts toward higher lift coefficients as compared to the 
airfoil with the a = 1.0 loading, and also the <'lopt 

is greater in almost every- Instance. The section pitching^ 
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moment ooef violent as 1b ezpectedy 1b greater (more nega^ 

tlTe) for the airfoil with the a s i«0 loadings 

. * ■ • ' 

Vlth regard to roughneas , airfoils with a = 1»0 

appear to he more oonaervatlTe than alrfolle vlth a < X^O^ 

The charts of the airfoils with roughness (figs* 8 to ll) 

shov that the a = 1^0 airfollb haro higher values of 

01 and lover values of throughout the oi— range 

max . 

than the a < 1.0 airfoils , 

Oomparlson of measured values and theoretical mean-* 
line values are shovn as an aid In predicting airfoil 
.section characteristics from laoan^line data based on thln-^ 
airfoil theory. Because thln-<«lrf oil theory does .not take 
Into account 'alrfoll—thlckness and houndarj— layer conclder— 
atlo'na, -mean— line, data and measured results might be dx— 
pectod to- diverge conslderahly, A comparison of moasxired 
values and theoretical moan-**line values (flgc« 12 to 15.)* 
shove that, for the a < 1»C airfoils* the theoretical 
angles of zero lift and the theoretical pltohlng-^mcment 
eoeffleients are in fair agreement vlth those measured;, 
the measured desl/sn section lift ooef f ioientq» hovever , are 
usually higher than the theoretical values as indicated in 
the airfoil designation numhers. Althoughi for the airfoils 
vlth a = 1«0| the theoret leal - and measured design lift co-^ 
efficients are in fair agreement, th^ measured angles of 
sero lift and the measured pltchlng^moment coofflclents aro 
considerably less than those indicated by theory. The de-* 
viation of values of measured pit chingj-moment coefficl<9nt 
from the theoretical values results hecause in experiment 
a uniform load was not maintained over the airfoil to the 
trailing edge« This fact suggests that a reducing -factor 
might be applied in order that the theoretical values of 
pit ching— moment coefficient might conform more closely to 
the measured values. 

Vlth IncreaoinG airfoil thickness, there is an accom^ 
panying increase in section design lift and section pitching— 
moment coefficient, (See fig. 15.) Although thln-airfoil 
theory obviously gives no evidence of this • increase . it is 
apparent from integrated theoretical pr essur o*-*distr ibution 
calculations and Is substantiated by test results. 



• OOBTOIUSIOH 

The general effects of variation in the type of mean 
line on the section characteristics of several representa— 
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tire lov-drag airfoils are shovn.. She oonsiatdnoj of 
roeults Izidloatea that theee general trends are sulta'ble ' 
for use in the seleotion of mean lines tot application to 
airfoils for vbloh test results are not availal^lep 
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Figure 1.- Section characteristics of two NACA 63,4-420 airfoils. 
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Figiire 2.- Section characteristics of two MCA 652-415 airfoils. 
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Figure 3,- Section characteristics of two NACA 653-4I8 airfoils. 
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Figure 4,-' Section characteristics of two NACA 654-421 airfoils. 
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Figure 5.- Section characteristics of two NACA 65,3-418 airfoils, 
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Figure 6.- Section characteristics of an NACA 65,3-618, a = 1.0 and an NACA 
653-618, a = 0.5 airfoil. 




Figure 7.- Section characteristics of two NACA 66,2-216 airfoilrs. 
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Figure 8.- Lift and drag characteristics of two NaCA 63,4-420 airfoils 

with a standard roughness applied to the leading edges. 
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Figure 9.- Lift and drag characteristics of two NACA 663-418 airfoils 
with a standard roughness applied to the leading edges. 
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Figs. 10,11 
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Figure 10.- Lift and drag cliaract eristics of two NACA 654-421 airfoils 
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Figure 11.- Lift and drag characteristics of an NACA 65,3-618, a = 1.0 and an NACA 
653-613, a = 0.5 airfoil with a standard roughness applied to the leading edge. 
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Figure 13.- Comparison of theoretical 

and measured section design 
lift coefficients for some NACA 
low-drag airfoils. 
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Figure 14.- Comparison of theoretical 

and measured moment 
coefficients for some NACA low-drag 
airfoils. 
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Figure 15.- Variation of moment ooeffi- 

cient and section lift 
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for some NACA low-drag airfoils. 
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